This report presents direct evidence for steroidogenesis by chondrostean tissue. The enzymes necessary for steroid transformation and cleavage of the cholesterol sidechain are present in yellow bodies isolated from the kidneys and along the posterior cardinal veins of the Atlantic sturgeon, Acipenser oxyrhynchus Mitchill.
INTRODUCTION
This work on the Atlantic sturgeon is one of a series of investigations planned to examine the view that adrenocortical steroids, particularly cortisol and cortico¬ sterone, occur throughout the vertebrates (Chester Jones & Phillips, 1960;  Phillips, Chester Jones, Bellamy, Greep, Day & Holmes, 1962; Gottfried, 1964) . The sea sturgeon is interesting in view of its primitive status among the osteichthyes (see Romer, 1962) . Since the development of highly accurate and sensitive methods of steroid identification, doubt has been cast on the identities of corticosteroids reported in earlier investigations to be present, either in considerable or minor amounts, in various species of fish and, particularly, in the lower forms of fishes. Earlier histolo¬ gical studies on endocrine glands of the more primitive bony fishes, Amia and Acipenser (de Smet, 1962) did indicate the presence of interrenal bodies or tissues which are homologous to the mammalian adrenal cortex. However, it still remains to demonstrate steroidogenesis in these tissues. In this regard, there has also been some speculation as to the identity of the yellow bodies found in the kidneys and along posterior cardinal veins of the Atlantic sturgeon. Histological and histochemical studies of these yellow bodies strongly suggest relationship to interrenal tissue rather than corpuscles of Stannius (Idler & O'Halloran, 1970) . The present investigation on steroidogenesis in the Atlantic sturgeon was carried out to confirm and extend the histochemical observations.
MATERIALS AND METHODS
Fish. The sturgeon used in these experiments were caught off the coast of Nova Scotia near Halifax and maintained in this laboratory in running sea-water at 10-15°C for several weeks before they were killed. The sturgeon used in Expts 1 and 2 were male (127 cm long) and female (142 cm long) specimens, respectively. Both fish were sexually immature.
Tissues. Yellow bodies dispersed throughout the right and left anterior kidneys and along the posterior cardinal veins were carefully isolated and collected in ice-cold incubation medium. The yellow bodies were freed of extraneous tissues, blotted, weighed, and then minced for immediate incubation. A histochemical study of these yellow bodies had shown positive steroid dehydrogenase enzyme reactions using several 5 and 4 steroids as substrates (Idler & O'Halloran, 1970 (Idler & Truscott, 1967a) containing an NADPH-generating system, NADP (nicotinamide adenine dinucleotide phosphate) 1 mg, G-6-P (glucose-6-phosphate) 4 Ltd.) for 42 h in a light-proof box followed by processing of the exposed X-ray film according to the manufacturer's spécifications. Positions of radioactive areas (dark areas on transparent film) were compared with those of carrier steroids and reference steroids on the chromatoplate. The remaining 9/10 of the dichloromethane extract was then developed on a thin-layer chromatoplate as above. Areas corresponding to the carrier steroids which included all radioactive areas indicated on the X-ray film were scraped off and eluted with dichloromethane : methanol (9:1) (Idler, Kimball, & Truscott, 1966) by means of a vacuum elutor (Matthews, Pereda & Aguilera, 1962 (Axelrod, Matthijssen, Goldzieher & Pulliam, 1965 Other pertinent information has been described in detail elsewhere (Idler & Truscott, 1967a) .
Nomenclature. Cortisol (11/?, 17a, 21-trihydroxypregn-4-ene-3,20-dione); cortisone (17a,21-dihydroxypregn-4-ene-3,ll,20-trione); 11-deoxycortisol (17a, 21-dihydroxypregn-4-ene-3,20-dione); corticosterone (ll/?,21-dihydroxy-pregn-4-ene-3,20-dione); 11-deoxycorticosterone (21-hydroxy-pregn-4-ene-3,20-dione); progesterone (pregn-4-ene-3,20-dione); 17a-hydroxyprogesterone (17a-hydroxypregn-4-ene-3,20-dione); pregnenolone (3/?-hydroxypregn-5-en-20-one); 17a-hydroxypregnenolone (3/?, 17a-hydroxypregn-5-en-20-one) ; testosterone (17/?-hydroxyanchOst-4-en-3-one); aldo¬ sterone (ll/?,21-dihydroxypregn-4-ene-3,20-dione-18-al); la-hydroxycorticosterone (la,ll/?,21-trihydroxypregn-4-ene-3,20-dione) ; cholesterol (cholest-5-en-3/?-ol).
RESULTS
Examination of the X-ray autoradiograph (Fig. 1) 
DISCUSSION
Histological and histochemical studies on yellow bodies isolated from kidney tissue and along posterior cardinal veins of the Atlantic sturgeon, Acipenser oxyrhynchus, showed that these bodies behaved more like adrenocortical tissue than corpuscles of Stannius (Idler & O'Halloran, 1970) . The corpuscles in sturgeon kidney were believed earlier to be corpuscles of Stannius but were later regarded as the homologue of interrenal tissues in teleosts by the Italian scientist Giacomini whose publications on endocrine glands of bony fishes have been summarized by de Smet (1962) . The fact that labelled cortisol was produced in vitro in excellent yields from both [16-3H] (Phillips & Mulrow, 1959) and even that observed in the chondrichthyean ratfish (Hydrolagus colici) (Idler, Truscott & Stewart, 1969 ) is noteworthy. Cortisol was the major corticosteroid, thus far, transformed by the interrenals of these species in vitro. By contrast, the failure to detect la-hydroxycorticosterone, first isolated from cartilaginous fish 19676) , from [16-3H] pregnenolone plus [4-14C] progesterone and also from [7-3H] cholesterol incubated with yellow bodies of the Atlantic sturgeon sets this chondrostean apart from the Elasmobranchii. In the latter group la-hydroxylase occurs in all 17 species examined to date Truscott, unpublished results) and la-hydroxycorticosterone is a major product of incubations in vitro. The reported presence of significant amounts of 17-hydroxylated steroids in Elasmobranchii (Phillips, 1959 ) has yet to be confirmed. In a dipnoan, the African lungfish (Protopterus sp.) (Janssens, Vinson, Chester Jones & Mosley, 1965) , corticosterone, an important precursor for la-hydroxycorticosterone and aldo¬ sterone, was synthesized from radioactive progesterone by suspected adrenocortical tissue in vitro.
The results in the Atlantic sturgeon cannot, as yet, be related to the reported high concentrations of cortisol and corticosterone present in the plasma of a cyclostome, the Pacific hagfish, Polistotrema stouti (Chester Jones & Phillips, 1960) . Phillips et al. (1962) reported high levels of cortisol (10/¿g/100 ml) and corticosterone (27 µg/ 100 ml) in serum of Atlantic hagfish but, using the more refined techniques now avail¬ able, and using fish that were taken at the same geographical location and same time of year as those of Phillips et al., Weisbart & Idler (1970) could not confirm the report. We looked for corticosteroids in the plasma of two cyclostomes, the Atlantic hagfish, Myxine glutinosa, and the sea lamprey, Petromyzon marinus, but found at most only submicrogram levels of cortisol and corticosterone; 17-hydroxylase activity was demonstrated in presumptive adrenocortical tissue of the sea lamprey.
Among the Actinopterygii, the Atlantic sturgeon is the most primitive species examined for corticosteroids. This report presents the first direct evidence for cortico¬ steroids in Acipenseridae.
